In vivo interaction of human MCM heterohexameric complexes with chromatin. Possible involvement of ATP.
The MCM protein family, which consists of at least six members, has been implicated in the regulatory machinery causing DNA to replicate once in the S phase. Mammalian MCM proteins are present in the nucleus in two different forms, one extractable by nonionic detergents and the other resistant to such extraction. The latter is assumed to be tightly associated with nuclear structures and released at the time of initiation of replication. However, details of the mode of binding remain unclear. In the present study, we found that, in nonionic detergent-permeabilized nuclei, the association of human MCM (hMCM) proteins with them could be stabilized by the addition of ATP. The hMCMs bound to the nuclei in the presence of ATP were released by digestion with nucleases, suggesting that they are chromatin-associated. The nuclease-directed solubilization of the chromatin-bound hMCMs thus provided a means to analyze them as well as soluble hMCMs by co-immunoprecipitation. The results indicate that the six hMCM members exist as heterocomplexes, whether bound or unbound. We therefore propose that hMCM proteins may function in DNA replication as heterohexamers associated with chromatin and that ATP is possibly involved in the association. Nuclease digestion-immunoprecipitation techniques of the type described here should facilitate further elucidation of the mode of interaction between hMCMs and chromatin.